Par Pond is a thermally enriched monomictic southeastern lake which receives heated effluent from a production nuclear reactor. Fish populations in the lake have lesions of epizooty from which Aeromonas spp. are readily isolated. Distribution and population densities of Aeromonas in the water column were measured along an oxygen and temperature gradient as well as seasonally. Greater population densities of Aeromonas occurred below the oxygen chemocline when the lake was stratified. Survival ofAeromonas hydrophila under in situ conditions in both epilimnetic and hypolimnetic waters was determined through the use of polycarbonate membrane diffusion chambers during two separate reactor operating conditions. Survival levels of pure cultures of A. hydrophila corresponded to the distribution patterns of the naturally occurring Aeromonas-like populations. The greater survival of A. hydrophila during full reactor operation suggests that the fish populations may be exposed to Aeromonas for a longer period of time than when the reactor is not operating.
Par Pond is a thermally enriched monomictic southeastern lake which receives heated effluent from a production nuclear reactor. Fish populations in the lake have lesions of epizooty from which Aeromonas spp. are readily isolated. Distribution and population densities of Aeromonas in the water column were measured along an oxygen and temperature gradient as well as seasonally. Greater population densities of Aeromonas occurred below the oxygen chemocline when the lake was stratified. Survival ofAeromonas hydrophila under in situ conditions in both epilimnetic and hypolimnetic waters was determined through the use of polycarbonate membrane diffusion chambers during two separate reactor operating conditions. Survival levels of pure cultures of A. hydrophila corresponded to the distribution patterns of the naturally occurring Aeromonas-like populations. The greater survival of A. hydrophila during full reactor operation suggests that the fish populations may be exposed to Aeromonas for a longer period of time than when the reactor is not operating.
Several species ofAeromonas are pathogenic to fish, frogs, and a variety of reptiles (1) as well as man (4, 9) . Infections of epidemic proportions in animals are termed epizootic, and Aeromonas infections often occur in combination with the peritrichous Epistylis. Fish infections generally result in scale erosion and sloughing, purulent lesions, and bleeding ofthe fins. The disease, caused by the AeromonasEpistylis complex, is commonly called "red-sore disease," and under certain conditions this pathology subsequently leads to hemorrhagic septicemia and eventual death (G. W. Esch, T. C. Hazen, and J. W. Gibbons, Abstr. Annu. Meet. Parasitol. 1975 ). The disease is common in the southeastern United States and has reached epidemic proportions on occasion, causing large fish kills (6-8; W. A. Rogers, Abstr.
Am. Conf. Southe. Assoc. Game Fish Comm., 25th, 1971) .
Although Aeromonas appears to be an ubiquitous aquatic bacterium (11, 13, 14) , previous studies (10) have considered neither the survival nor the distribution of this bacterium in situ. This paper describes the survival ofAeromonas hydrophila in natural waters altered by thermal effluents discharged from a nuclear production reactor and assesses the natural distribution of Aeromonas in these waters.
MATERIALS AND METHODS Study area. Studies were conducted at the Savannah River Plant, a national environmental research park operated by E. I. du Pont de Nemours & Co., Inc. The specific study site was Par Pond, a 1,092-hectare monomictic lake that is used as a cooling reservoir for a nuclear production reactor. Ambienttemperature waters are used to cool the reactor, and subsequently thermal waters are discharged through a canal into a series of cooling ponds before entering Par Pond. Some areas of the pond are thermally altered, whereas other portions reflect ambient conditions common for other southeastern lakes. Five permanent sampling stations were established throughout the lake at various distances from the thermal discharge into Par Pond. The position of each station is shown in Fig. 1 .
Physical and chemical water parameters, including temperature, dissolved oxygen, pH, conductivity, and redox potential, were measured at each of the sampling stations on a weekly basis using a Hydrolab surveyor multiprobe analyzer (Hydrolab Corp., Austin, Tex.). These parameters were recorded during each reactor phase (Tables 2-4 (2a) . The chambers were immediately suspended from stainless-steel chains and lowered to various depths in the water column. Previous studies with modified chambers indicated that bacterial cultures inside triplicate chambers placed at the same depth in the water column had optical density readings within 10% of each other during a 2-week sampling period. Thus, single chambers were placed at four different depths, with two chambers in the epilimnetic waters and two in the hypolimnetic waters at all five stations. Chambers were never placed at the surface waters, since they were readily attacked by the alligators present in Par Pond.
Chamber sampling. Sampling schedules were intermittent during the 2-week experiments, but, generally, initial samples were taken every 3 h for 48 h and then once every 24 h through the remainder of the experiment. Samples, taken aseptically with sterile plastic syringes, were measured for optical density and tested for diffusion chamber purity by immunofluorescence (C. B. Fliermans, unpublished data) or plating on a selective medium, or both. Sampling ports in the chambers were flamed with a butane cigarette lighter and aspirated five times after a syringe had been attached. Samples of 1.0 ml were then removed from each chamber, placed directly in sterile culture tubes, capped, and returned to the laboratory within 60 min for processing. Optical densities were determined at 550 nm using a Beckman model 25 double-beam spectrophotometer. Optical density measurements were expressed as a percentage of the initial cellular density, since all chambers did not containA. hydrophila populations of exactly 0.150 optical density units. Each chamber was read as 100%; values greater than 100% represented an increase over the initial optical density, whereas those values less than 100% represented a decrease from the initial population densities.
The utilization of membrane chambers in deep waters required separate sterile chambers containing only sterile phosphate-buffered saline as controls. These chambers were suspended alongside those containing the test bacterium, and both chambers were sampled simultaneously. Such controls were necessary when measuring optical density of bacteria in deep water, since under anaerobic conditions iron compounds are in a reduced state and remain in solution. During sampling, the chambers were pulled through oxygenated water, and insoluble iron oxides that interfered with optical density measurements were formed. Thus, solutions inside the control chamber were used as reference samples in double-beam spectroscopy for optical density measurements.
RESULTS
Since this particular cooling reservoir is fed by a production nuclear reactor that operates at VOL. 33, 1977 full power 80 to 90% of the year, a seasonal distribution of A. hydrophila-like organisms could not be obtained for nonoperating reactor conditions. The data in Table 1 demonstrate that a seasonal distribution of A. hydrophilalike organisms occurred in Par Pond, with highest numbers occurring throughout the lake during the spring of the year. Each mean was representative of four weekly samples taken each month throughout the water column. Each depth was sampled in triplicate, and the data were expressed as the number of organisms in the water column of a particular station for a particular month.
Initial population densities and survival studies for A. hydrophila were made after the reactor had not been operating for 30 days; subsequent measurements were conducted after the reactor had been operating for over 21 days, so that lake temperatures had stabilized (Tables 2-4). All sampling was performed during normal lake stratification, and such stratification remained stable during both phases of reactor operations.
The distribution of A. hydrophila-like organisms was measured indirectly using the selective medium of Shotts and Rimler (12), who previously demonstrated the good selectivity and specificity of the medium. The population densities (expressed as the mean of triplicate samples per liter of lake water) are shown in Table 5 for A. hydrophila-like bacteria in the water columns at two of the stations. Numbers of aeromonads in the hypolimnetic waters were always greater than those from epilimnetic waters, and the numbers were always greater when the reactor was in full operation. A clear depth distribution gradient of the naturally occurring aeromonads was not seen in either the epilimnetic or hypolimnetic waters from any of the stations sampled.
Survival studies for A. hydrophila were conducted using sterile membrane diffusion chambers placed at various depths in the water column. The depth of each chamber depended on the station, depth of thermal stratification, and oxygen chemocline. The data for A. hydrophila survival, as measured by optical density, at various depths in the water column along vertical oxygen gradient and a surface temperature gradient are plotted in Fig. 2 through 11 .
The data in Fig. 2, 4 but less dramatically than in the stations closer to the thernal effluent. Chambers placed in the epilimnion had a rapid decrease in optical density when the reactor was not operating (Fig.  10) , whereas a slower decrease in optical density was noted at the same depths when the reactor was operating (Fig. 11) published data), Par Pond isolates appear more virulent to the large mouth bass than are the ATCC strains. Because of this virulence, it was thought unwise to subject the Par Pond fish population to potentially large doses of highly virulent Aeromonas strains if one of the chambers were ruptured by an alligator attack.
The individual techniques for measuring natural population densities, distribution, and pure culture survival produced results that permit similar conclusions regarding the growth and survival ofA. hydrophila in Par Pond to be made.
Survival studies of A. hydrophila at various temperature and oxygen regimes indicated that the organisms maintained themselves better in the deeper hypolimnetic waters. In hypolimnetic oxygen-depleted waters, at each station in the thermal and ambient portions of the reservoir, A. hydrophila survived longer and increased in density to a greater extent than in epilimnetic waters at the same station.
Comparisons among stations demonstrated that when the reactor was not in operation the percentage of initial optical density approached zero after 60 h of in situ incubation in every chamber at all stations. However, when the reactor was operating, only chambers in the epilimnion of station 4 were near 0% of their initial optical density after 60 h of incubation. All other chambers, regardless of depth or station, had greater survival of A. hydrophila.
The data are clear when a comparison is made of survival at the same station with two different reactor operations, in that survival and growth were always better when the reactor was in operation. This was true regardless of the depth, even at depths in the water column where the influence of reactor input could not be detected by the parameters measured. It is necessary, however, to emphasize that the sam- pling time between the reactor operations, and thus the experiments, was 21 days. Therefore, the natural stratification of Par Pond had advanced by 3 weeks when survival and distribution experiments were undertaken for full reactor operations. This is reflected in Table 2 by the vertical extension of the chemocline at station 1, which is closest to the thermal input.
Although the population densities of A. hydrophila-like bacteria in Par Pond did not increase from August to September, the time of the two experiments, the lowest seasonal densities occurred in late summer and late winter (Table 1) . Thus, the experiments were conducted when the least flux in A. hydrophilalike densities occurred. Although small changes in the stratification patterns and seasonal distribution densities occurred between studies, the observed differences in survival of A. hydrophila were probably not seasonal phenomena but reactor operations phenomena.
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